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S U M M A R Y
Delayed neurotoxicity has been associated with organophosphorus poisoning for years. In order to study such 
condition in sheep, 11 animals were given either one or two high doses of Haloxon. Exposed sheep were observed 
daily and between 16 and 25 days after administration neurological signs as incoordination and ataxia were detected 
in six of them. Biopsies of tibial and laryngeal nerves were performed as soon as neurotoxicity was diagnosed, and 
after death fragments of selected nerves were collected together with CNS tissues for light and electron microscopy 
and teased fiber studies. Laryngeal, tibial and sciatic nerves showed the most pronouced changes, consisting chiefly 
of wallerian degeneration that was seen either as a single fiber or as a complete fascicle feature. Exams performed 
after death clearly showed regenerating fascicles with axonal sprouts growing within a Schwann cell old basal lamina, 
and some thinly myelinated axonal sprouts.
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INTRODUCTION
Organophosphorus compounds are known to inhibit naturally occurring esterases, mainly acetylcholinesterase15’16, inducing a syndrome of 
salivation, diarrhea and muscular stiffness due to the 
stimulation of the parasympathetic and sympathetic nervous 
systems1'9. Delayed toxicity due to prolonged esterase 
inhibition is expressed as a neuropathy5. It affects chiefly the 
long myelinated fibers, leading to disturbances of 
proprioception, ataxia, muscle weakness and paralysis due to a 
distal axonopathy starting 7 to 30 days after intoxication3'13.
Degenerative changes in peripheral nerves can be 
demonstrated along large fibres which show variable degrees 
of wallerian degeneration2'6. Peripheral nervous system (PNS) 
changes have been studied in cattle, pigs, hens, horses, sheep, 
cats, goats and laboratory animals in spontaneous and 
experimental conditions'18'17. In horses, Haloxon poisoning has 
been associated with laryngeal paralysis when both left and 
right nerves are affected12. Bilateral laryngeal degeneration 
without clinical signs were observed in experimental 
intoxication in sheep7.
Although a few reports exist that state the degenerative and 
regenerative changes that follow spontaneous human 
organophosphorus intoxication18 and experimental animal
intoxication2, the aim of this investigation was to document the 
morphological events of the experimental poisoning in sheep 
using light and electron microscopy and teased fiber 
techniques. It was also a goal to define the burden of the 
peripheral damage on the fate of the intoxicated sheep.
MATERIAL AND METHOD
Twelve healthy, nuttered males, 6 months to one-year-old 
Corriedale sheep were used. They were fed 1 kg/day of lucerne 
and water ad libitum. They were intoxicated with one or two 
doses of either 3533 or 5008 mg/kg of Haloxon in warm 
distilled water. Male number 5 received only distilled water 
and was used as a control. The animals were examined 
clinically in a daily basis. When signs of neurotoxicity were 
detected (16-25 days after intoxication), left tibial nerve 
biopsies were performed in all animals. Those sheep without 
clinical signs also had a biopsy of the right laryngeal nerve. 
When the animals showed severe ataxia followed by 
recumbency, they were killed and necropsied. Fragments of 
Central Nervous System (CNS), PNS and internal organs were 
withdrawn and embedded in paraffin. Selected PNS tissues 
were embedded in resin for teased fiber studies, light and 
transmission electron microscopy14.
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RESULTS
Most of the animals showed signs of parasympathetic 
stimulation, consisting of lack of appetite and diarrhea, soon 
after Haloxon administration.
Signs of delayed neurotoxicity detected at 16-25 days after 
intoxication, in six of the animals that were given the highest 
doses, consisted of feet weakness, ataxia, crossing of the hind 
limbs, fallings and occasional, mild hoarseness. With time 
these animals showed severe, progressive motor impairment, 
laying for long periods even during feeding. They died or were 
killed 31 to 41 days after intoxication. Five did not show any 
clinical signs before laryngeal biopsies.
Tibial nerve biopsies showed wallerian degeneration 
affecting the larger fibers, starting at the distal end of the fiber 
and at times affecting most of the fibers within a fascicle. Same 
changes were depicted in laryngeal nerve biopsies. Wallerian 
degeneration was clearly seen after teasing (Fig. 1) and 
confirmed in semi-thin (Fig. 2) and thin nerve sections. 
Macrophages were present and proliferating Schwann cells 
spread underneath their old basal laminae constituted Biingner 
bands.
Figure 1
Teased fiber from a laryngeal nerve showing wallerian 
degeneration. The nucleus of the Schwann cell is seen on the 
lower half o f the picture (arrow). Obj. 40.
No nervous changes were seen at necropsy, but were 
eventually detected histologically. Gross changes of internal 
viscera unrelated to Haloxon intoxication were also seen.
Features of neuroaxonal degeneration were found in 
cerebellar and medullar nuclei, as well as swollen spinal cord 
axons.
PNS tissues removed at necropsy revealed degenerative 
changes similar to those seen in the biopsy sections, namely in 
the sciatic nerves, together with regeneration of some of the 
fibres.
Ultrastructural examination of nerve sections revealed a 
thickened extracellular matrix of the endoneuron, composed of 
intermingling bundles of mean diameter collagen fibers 
separating axonal sprouts. Macrophages seen in thin sections 
had a dense cytoplasm and phagocytosed myelin membranes, 
some already broken down into neutral fat. Schwann cells were 
seen related with axonal sprouts which had grown along the 
long axis of the nerve (Fig. 3). Those Schwann cells showed a 
medium density cytoplasm with numerous microtubules and 
filaments, an irregular nucleus with clumped chromatin and 
were related to small diameter collagen fibers along their basal
Figure 2
Semi-thin section from a tibial nerve showing wallerian 
degeneration of most of the fibers of the fascicle. Obj, 10.
Figure 3
Schwann cell (S) related to a group of axonal sprouts (a) X
16 .000 .
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lamina.
A few axonal sprouts had induced the regeneration of thin 
myelin sheaths immersed in unusual amounts of collagen fibers 
(Fig. 4) and with occasional redundant myelin loops.
Figure 4
Two regenerated fibers with a  thin myelin sheath (arrows) lay 
parallel to  axonal sprouts growing within an old Schwann cell 
basal lam ina (arrow heads); C: bunaies o f co llagen fibers. X
10.000 .
DISCUSSION
Organophosphorus compounds are used in many major 
industries and in agriculture in many countries5, including
Brazil10. Spontaneous exposure is considerable and 
neurotoxicity of this origin has been repeatedly reported, thus 
many experimental models have been developed to study the 
pathology of the condition5.
With most organophosphorus compounds there is inhibition 
of acetylcholinesterases by phosphorilation16 and thus, clinical 
signs of acetylcholine poisoning5-14. Most sheep in this study 
showed signs of parasympathetic stimulation consisting mainly 
of lack of appetite and diarrhea14. After recovery from the acute 
phase of the intoxication six animals presented signs of delayed 
neurotoxic effects, as seen in other experimental models4. 
Altered gait and feet weakness detected from day 16 after 
intoxication heralded the severe distal axonopathy developed 
due to wallerian degeneration of whole fascicles , defined as a 
"dying back process"4. Nerves that showed the more 
pronounced changes were tibial, laryngeal and sciatic ones. 
Pathological changes on these nerves evidenced the severe 
clinical condition of the sheep.
Nerve biopsies examined in semi-thin and thin sections and 
by teasing revealed all aspects of degeneration and 
regeneration7'14, including the formation of redundant myelin 
loops, as seen in other conditions where Schwann cells repair 
lost myelin sheaths". Although events of regeneration were 
depicted, they took place along with CNS changes that 
contributed to the bad general condition of the sheep and 
impaired good prognosis for the syndrome.
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R E S U M O
Eventos de neurotoxicidade tardia têm sido freqüentemente associados com intoxicação crônica por 
organofosforados. Com a finalidade de estudar essa condição em ovelhas, 11 animais receberam uma ou duas doses 
de 353 ou 500 mg/kg de Haloxon via oral. Os animais intoxicados foram observados diariamente e, entre 16 e 25 dias 
após a intoxicação, sinais neurológicos de incoordenação e ataxia foram detectados em seis deles. Foram realizadas 
biópsias de nervos tibiais e laríngeos tão logo a neurotoxicidade foi diagnosticada e, após a morte, fragmentos de 
nervos periféricos selecionados foram colhidos, juntamente com o sistema nervoso central, para estudos de 
microscopia óptica, eletrônica de transmissão e de fibras desfiadas. Os nervos tibiais, laríngeos e ciáticos mostraram 
as alterações mais pronunciadas, que consistiram em degeneração walleriana, ora de uma única fibra, ora de todo 
um fascículo. Após a morte, exames histológicos revelaram fibras em regeneração com brotamentos axonais 
crescendo dentro de membranas de células de Schwann, alguns exibindo bainhas finas de mielina.
UNITERMOS: Haloxon ; Envenenamentos; Ovinos; Neurotoxinas; Regeneração nervosa.
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